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Title of the Invention 

TRANSMISSION DIVERSITY WITH TWO CROSS-POLARISED ANTENNAS ARRAYS 

5 

Field of the Invention 

Tljie present invention relates to a method for selecting a 
dj|. versify mode ,to be applied by a transmitter having two 
10 c3{:oss-p{j)larizedi antenna arrays. 

Background of tlhe invention 

In detail, the present invention relates to the field of 
15 transmit antenna diversity. A rather comprehensive 

introduction to the technical filed of diversity is for 
example -given by Juha Korhonen in ^Introduction to 3G 
mobile communications „, chapter 3.4., page 86 to 94, 
Artech House mobile communications series, 2001. More 
20 specifically, The concern of this invention resides in a 

i 

mode selection procedure by which a suitable transmit 
diversity mode for each link in the cell defined by the 
; ccj>verag^ area of the subject transmitter can be selected. 

25 It[ is t<i> be notjed that while reference is made to an 

antenna ji array, jan array comprising a single antenna only 
may still be regarded as an antenna array. Likewise, an 
antenna and/or antenna element of the array produces a 
beam of electromagnetic radiation in operation, i.e. when 

30 being driven, and also terms „antenna„ and „beam„ are 
used interchangeable, as the antenna configuration and 
driving will determine the produced beam. It is to be 
noted further that when considering diversity, a 
diversity branch can also be represented by the beam 

35 produced by the corresponding (diversity) antenna array. 
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T9 recapitulate, there are different transmit diversity 
m0des ±ji FDD WCDMA (FDD = Frequency Division Duplex , 
WCpDMA =; Wideband Code Divisional Multiple Access) 
5 dedicated downlink: channels: 

an open-loop diversity mode using space-time codes 
such as for example the concept known as STTD (Space- 
Time Transmit Diversity), and 
2) a closed-loop diversity mode, which can be classified 
10 into different closed-loop diversity classes: 

aj a first class, subsequently referred to as Class 1, in 
which the receiver (e.g. a user equipment UE) returns 
information to the diversity transmitter (e.g. a 
Node_B) concerning the relative phase of the received 
15 diversity transmission signals; an example for such a 

Class 1 closed-loop diversity mode is known as closed- 
loop mode 1; anci 
lo>) { a second class r subsequently referred to as Class 2, 
in which the ^receiver returns information to the 

20 diversity transmitter concerning the relative phase and 

! I ! 

the ration of received ppwers of the received diversity 

transmission signals; an example for such a Class 2 

i closed-loop diversity mode is known as closed-loop mode 

2 (as for example described in the above cited book by 

25 Juha Korhonen oir as described by 3GPP TS 25.214: 

"Physical Layer Procedures (FDD)"). 

Xt is to be noted that closed-loop diversity is only 
applicable to a downlink channel if there is an 
30 associated uplink channel which is required to return the 
feedback inf ormati- on. An example for such a channel 
combinajtion is represented by the DPCH (Dedicated 
Physical CHannel) / DPCCH (Dedicated Physical Control 
CHanneli) channels . 



35 
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First, the present transmit diversity methods in WCDMA 
are recalled. The present (standardized) Transmit 
Diversity Methods in FDD WCDMA dedicated downlink 
channels are, as mentioneci herein before, for example 

— STTD (Space-Time Transmit Diversity) as an open-loop 
solution utilizing a simple 2x2 space-time code, 

- closed— loop mode 1 (CL1) as an example for class 1 
closed— loop diversity according to which the relative 
phase between transmitted signals is adjusted based on 

10 the f4^dback from the receiver (user equipment), and 
in closed-loop mode 2 (CL2) as an example for class 2 
closed— loop diversity according to which both, relative 
phase: and power between transmitted signals, are 
adjusted base|d on the feedback from the mobile. 
15 i 

The Node B as the transmitter (corresponding in its 
functionality to a base station BS known from GSM system) 
can select the mode to be used for each link separately 

or it can use the same mocie for all links in the cell. In 

j 

20 this invention, however, the former case is studied, 

since the latter solution is not recommended because it 
does not utilize the available capacity potential. 



25 



30 



35 



Generally/ the mode selection problem resides in finding 
measures and a method by which a best suitable mode can 
b& selected for each link. A „best suitable mode,, can be 
determined as the mode which reveals the best performance 
(£.g. lbwest bit error rate, lowest S/N (signal to noise) 
rcltio, §jc the l|ike) . 

The mode selection problem, is linked to the employed 
antenna solution at the transmitter . The present transmit 
diversity modes are desigrred by assuming that the average 
received powers at the receiver side (UE) from separate 
transmitter (Node B) anterxnas are the same. Thus, if 
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average power of signals received at the UE and 
originating from an antenna Antl is denoted by Pi and 
average power of signals received at the UE and 
originating from antenna 2\nt2 is denoted b^/ P2, so that 
the ratio thereof, P1/P2 — 1. When this assumption holds, 
the performance of the closed-loop schemes depends in a 



certain 



; manner ton the feedback delay and on the spatial 



correlation between transmit antennas. If the ratio P1/P2 
±23 not equal t<j> unity, then the sensitivity of closed- 
loop modes to the feedback; delay and spatial correlation 
between transmit antennas will be different than in case 
P1/P2 = 1 . This can be illustrated by a simple example. 
If transmitter selection combining is used^ then the 
signal is transmitted trough the antenna which provides 
better channel. Feedback information from a mobile 
directs the transmit antenna selection. If P1/P2 = 1 in 
the receiver, then both received channels are in good 
state with equal probability and system performance 
depends on the feedback delay and transmit antenna 
correlation. If feedback delay is large when compared to 
channel | coherence time, tt^en system performance is 
ccLrruptfed . Similarly, if transmit antennas correlate 



heavilyl then both antennas are in good and bad states 
simultaneously land the lack of diversity corrupts the 
system performance. However, if P1/P2 is all the time 
very high - or very low - then the same antenna provides 
better channel almost all the time and feedback delay or 
antenna correlation are not corrupting the system 
performance much. The effect of P1/P2 is not the same to 
all transmit diversity modes and therefore it should be 
taken into account when transmit diversity mode is 
selected. 



In Fig. 1 there is a sketoh concerning to the selection 
35 pJrobleraj, when average received powers from separate BS 
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ajitennalk in MS are equal: areas A, B and C (also referrred 
to as irlapping areas) consist of those spatio-temporal 
correlation value pairrs (spatial correlation SC, temporral 
correlation TC| for whiich ppen-loop mode (e.g. STTD) , 
class 1 closed-loop mode (e.g. CLl) and class 2 closed- 
loop mode (e.g. CL2), respectively, provide the best 
performance. Apparently, the open-loop mode (STTD) is the 
best choice in most cases while the operating area of 
Class 2 closed-mode is marginal: Class 2 is suitable only 
when time correlation (TC) is very high. Class 1 works 
well when spatial correlation (SC) is relatively high. It 
is to be noted that th.e Figure 1 is only a sketch. 

; 

! 

The assumption that average received powers at the 
receiver would be equal is well posed,, if 
(k) Trahsmit antennas are co-polarizeci 

(})) Transmit antenna separation is not very large (i.e. 
antennas are in the same site, and not, for example, in 
separate buildings) . 

The latter restriction (b) is not a problem in practice 
since the diversity antennas are usually in the same 
mast. However, assumption (a) has some drawbacks. 

The well known fact is that two low correlated signals 
can be obtained using cross-polarized antennas (and/or 
ahtenna arrays) . This antenna solution is more compact 
ahd cheaper than a paizc of spatially separated co- 
polarized antennas / antenna arrays. Moreover, beside 
these known advantages, the so-called polarization 
mismatch can be avoideci by using cross -polarized antenna 
arrays / antennas. This is explained i_n the following. 



Polarization Mismatch Problem: 
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In a conventional system, a single vertically polarrized 
antenna is used at the transmitter side. This arrangement 
is feasible if receiver antennas arre all vertically 
polarized. However, this will not t>e the case in 
practice. It may even happen that receiver antenna 
polarization is flat, a horizontally oriented ellipse, or 
tljie like. Then huge polarization mismatch losses can be 
faced. 



Also, different physical environments preserve the 
transmitted polarization in a different way and thus, the 
danger [of polarization mismatch depends on the 
environment; in open areas ! the probability of a searious 
mismatch is expected to be high. 



The known solution to this problem is the use of cxoss- 
pblarized antenna arrays and/or antennas. In GSM related 
solutions, the downlink (DL) signaL is transmitted from 
cross-polarized antenna branches with equal power (each 

20 individual diversity antenna corresponds to a 

transmitting branch) . The relative phase between tine 
signals transmitted from each branch is randomly rotated 
in order to avoid the situation where signals would erase 
. e4ch ottjier for a long time (this may happen if antenna 

25 bjpancnep have strong correlation, f or example because of 
a | line-jpf-sightj (LOS) situation). This solution prevents 
tJjLe total mismatch between! the transmitter and receiver 
pilarizations . 



30 The same method as used in GSM is, however, not 

straightforward to be used in WCDMA., since channel 
estimation at the receiver UE is based on common pilot 
channel (CPICH) . However, if downlink transmit diversity 
is used, then different CPICHs are transmitted from 

35 separate antenna branches and cross -polarized antennas 
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can be employed • Stated in other words, each via each 
antenna of the transmit diversity antennas a respective 
CPICH is transmitted. 

5 Tljie prejsent WCDMA standards specify in a detailed manner 
tljxe all|owed transmit diversity modes and hence, if cross- 
polarized anterjnas are used in connection with transmit 
diversity, then the special properties of this antenna 
solution must be taken into account in the limits given 
10 by standards. 

Summarizing, it has to be noted that 

(a) if co-polarized, spatially separated antennas are 
used in connection with WCDMA transmit diversity modes, 

15 then mode selection can be based on a fixed performance 
chart such as the one proposed in Figure 1; 

(b) based on compact structure, costs and robustness 
acfrainstj; polarization mismatch, the use of cross-polarized 
diversify antennas is a very attractive solution. 

20 However| when used, this renders the usage of a ffixed 
, performance chart such as the one proposed in Fig-ure 1 
not feasible, as will subsequently be explained. 

Special Characteristics of Cross-Polarized Antenrxa 
25 Arrays : 



Currently, the present transmit diversity modes are 
studied based on the assumption that the average received 
powers at the receiver originating from separate 

30 transmitter antennas are equal (P1/P2 = 1) . This is, 

however, not necessarily true for cross-polarizecL antenna 
arrays if the XPR (cross-polarization ratio) in the 
channel ji is high. This is the case especially in rural 
environments where orthogonal polarization branch.es are 

35 nqt mixed well and it has been claimed that XPR i s 
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rilativjely high even in urban outdoor environments (See 
fir example Shapira J. and Miller S. in „A novel 
pblarization smart antenna,,, VTC, May 2001, or in 
^Transmission Considerations for polarization-smart 
antennas,,, VTC, May 2001, See also „Method and System For 
Improving Communication,, by Shapira J. and Miller S., 
International Patent Application WO 98/39856) . 



Thus, although there might be low correlation between BS 
10 antenna branches, the average received power at the 

receiver from cross-polarized BS antenna branches can be 
different (PI * P2) ; this renders the usage of a fixed 
performance chart such as the one proposed in Figure 1 
not feasible, or at least its usage will result in a non- 
15 optimum; diversity mode selection. 



Summary of the invention 



Consequently, it is an object of the present invention to 
20 provide an improved method for selecting a diversity mode 
to be applied by a transmitter having two cross-polarized 
antenna arrays, each representing a diversity branch, 
for transmission diversity, which is free from the above 

mentioned drawback, 

i 

25 ! 

According to the present invention, the above object is 
for example achieved by a method for selecting a 
diversity mode to be applied by a transmitter having two 
cross-polarized antenna arrays, each representing a 

30 diversity branch, for transmission diversity, the method 
comprising the steps of: providing a plurality of 
diversity mode performance chart look-up tables, each 
performance chart look-up table mapping a respective 
individual diversity mode out of a plurality of 

35 individual diversity modes to a respective pair of time 
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correlation value and space correlation value for said 
two cross-polarized antenna array beams, wherein a 
respective individual diversity mode is presented by a 
mapping area, wherein the plurality of performance chart 
look-up tables is parameterized by an indication of a 
ratio of received powers from said diversity branches, 
aijid the mapping is different for different performance 



uljiarts. 



; first determining the ratio of received powers 



from said diversity branches, second determining the 
10 actual time correlation and space correlation for said 
pair of two crcUs-polarized antenna arrays, first 
selecting one of said performance chart look-up tables 
dependent on determined ratio of received powers from 
separate beams, and second selecting one of said 
15 individual diversity modes according to the mapping to 
the determined actual time correlation and space 
correlation values from said first selected performance 
chart look-up table. 



20 According to favorable further developments 

- said selected diversity mode is selected for each 
. iijLdivid aal link established by the transmitter; 

- said mapping of diversity modes differs for 
different performance chart look-up tables dependent on 

25 the determined ratio of received powers from said 
diversity branches; 

- said diversity modes are classified as open-loop 
diversity modes and closed- loop diversity modes, and said 
determined ratio of received powers is applied as a 

30 further control parameter for controlling said closed- 
loop diversity modes when activated upon selection; 

- said diversity modes are classified as open-loop 
diversity modes and closed-loop diversity modes, and a 
mapping area of at least one closed-loop diversity mode 
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jLrjicreases dependent on the indication of a ratio of 
ar4ceiveh powers from said diversity branches; 

- said first determining and said second determining 

atfe performed dt said transmitter; 
I! i ' 

5 - providing said performance chart look-up tables is 

effected beforehand based on simulation results and/or 

measurement cycles; and 

- both arrays consists of one antenna element and 
antenna calibration in the transmitter is performed by 

10 ixsing both the feedback from said receiver according to 
one of the closed-loop modes, and the received signals 
from cross-polarized antenna arrays in the transmitter. 

By virtue of the present invention, basically the 
15 f ollowing advantages can be achieved 

- The present invention provides a new solution for 
diversity mode selection to be used in two-antenna array 
tjfansmiu diversity systems, in particular those using 
cojross polarized antenna arrays. 

20 - The present invention provides means to combine 

polarization matching and present WCDMA transmit 

diversity modes. 

: - The mode selection procedure depends on the 

difference between average received powers, so that the 
25 appropriate look-up table may be selected resulting in 

improved diversity performance , 

- The present modes (in limits given by standards) can 

be enhanced as they take into account the difference 

between average received powers. 

30 

Tl)us, this invention improves the present solutions in 
t-vfo ways in that firstly, it provides means to combine 
polarization matching with present transmit diversity 
iackles, and secondly, it provides a new transmit diversity 
35 selection procedure that is based on BS measurements. 
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Brief description of the drawings 

i 

In the following, the present invention will be described 
in greater detail with reference to the accompanying 
drawings, in which 

Fig. 1 shows a diversity mode performance chart look-up 
table mapping a respective individual diversity mode out 
of a plurality of individual diversity modes to a 
respective pair of time correlation value and space 
correlation value r under the assumption that the ratio of 
receiveid powers equals 1; 

Fig. 2 shows a diversity mode performance chart look-up 
table mapping a respective individual diversity mode out 
of a plurality of individual diversity modes to a 
respective pair of time correlation value and space 
correlation value, under the condition that the ratio of 
received powers is unequal to 1, and rather is in the 
range of for example 3 to 6 dB; 

Fig. 3 shows a diversity mode performance chart look-up 
table mapping a respective individual diversity mode out 
o:: a plurality of individual diversity modes to a 
respective pair of time correlation value and space 
correlation value r under the condition that the ratio of 
received powers is unequal ' to 1, and rather is in the 
range of for example greater than 6 dB; 

Fig. 4 is a simplified block diagram of a transmitter 
™ith the present invention being implemented; and 



Fig. 5 is a flowchLart illustrating the method according 
-to the present invention. 
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In the £ ollowing, the pxoposed mode selection procedure 
according to the present: invention is outlined. It is to 
bei noted that in the below procedure all steps are 
performed in the transmitter (e.g. BS) . The procedure as 
such basically jcomprise s tlpe following steps when 
selecting a diversity mode A, B, C to be applied by a 
transmitter having two cross-polarized antenna arrays 
Antl, Ant 2, each representing a diversity branch, for 
transmission diversity. 



Firstly,, a plurality of diversity mode performance chart 
15 look-up tables LUT, LUTl, LUT2, LUT3 are provided, step 
S10. Each performance chart look-up table maps a 
respective individual diversity mode A, B, C out of a 
plurality of individual diversity modes to a respective 
p^ir of: time correlation value TC and space correlation 
20 vqilue SC for said two cxoss-polarized antennas, and a 
Ive individual diversity mode is presented by a 
{ area (in the chart) . The plurality of performance 
cliiart look-up tables is parameterized by an indication of 
a ratio P1/P2 of received powers (at the receiver side) 
25 from said diversity branches, and the mapping is 

different for different performance charts. The look-up 
tables tiave been formed beforehand, i.e. before the 
actual selection process starts. 



respect 
mapping 



30 Subsequently, there is a first determining step, Sll, for 
determining the ratio of received powers from said 
diversity branches . Thi s determination can be effected by 
computing the ratio between average received powers from 
siparatb antenna branches. Namely, the receiver UE 

35 tlansmijts in uplink direction UL feedback information FBI 
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indicating the relative* phase of the signals transmitted 
/ received from the antenna branches , and £rom this 
information, trie transmitter can in turn deduce the 
relative strength, i.e. received power. The average 
received power is obtained by averaging the information 
on the relative strength/power received from a plurality 
of receivers (mobile station and/or user equipment) , as 
each FBH concerns a ceirtain receiver only. 



10 



15 



20 



Next, in a second determining step S12, the actual time 
correlation TC and space correlation SC for: said pair of 
cross-polarized antennas is performed. This can be 
accomplished by computing the channel time correlation 
eriployirig the data from, both receiver antenna branches by 
uling a:rfiy known method, and likewise, also by computing 
the spatpial correlation between antennas by using 
received data and any known method. The computation of 
the time correlation of signals can be done, for example, 
in the transmitter based on the equation 




25 where x <t) is the received signal in the transmitter at 
time instant t, x(t-d) ±s the received signal in the 
transmitter at time instant t-d and E{.} is the 
expectation. Expectations can be estimated using IIR or 
FIR filters. The symbol „*„ denotes the conjugate complex 

30 value. The correlation between antenna branches can be 
done based on tjhe equation) 



35 



E{x1(0*s2(Q 



Je\xKO l a M*2(0l a ) 
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where xl(t) is th.e received sigaal in the transiaitter 
antenna 1 at time instant t, x2(t) is the received signal 
in the transmitter antenna 2 at time instant t and E{ . } 
i^ the expectation. Again, suitable IIR or FIR filters 
can be used in order to estimate the expectations, and 
tljie symbol „* „ denotes the conjugate complex value.. 



10 Based on those spatio-temporal correlation values and 

power ratio determined as descrilbed above, a decision can 

I i; i 

tnen be taken dn -the most suitable diversity mode to be 

used and/or activated for divers ±ty transmission , the 

decision using the look-up table LUT consisting of plural 

15 individual look-up tables LUT1, ILUT2 , LUT3 that liave been 

formed beforehand . 



Namely, there is performed a first selecting step S13 of 
one of said performance chart look-up tables dependent on 

20 determined ratio P1/P2 of received powers, i.e. ±or 

example LUT2 is selected because the ratio P1/P2 is in 
the range of 3... 6 dB for which ILUT2 is applicable, and 
thereafter a second selecting step S14 of one of said 
ir dividual diversity modes A, B, C according to "the 

25 mapping j to the de-fcermined actual time correlation TC and 
space correlation SC values from said first selected 
performance chart look-up table is performed. Stated in 
other words, considering that LU12 resembles the 
performance chart shown in Fig. 2, assuming that (TC;SC) 

30 has a value of about (0,9; 0,9), zfor example, then the 

value pair lies within the mapping area denoted Joy arrow 
C and the closed-ioop diversity mode of class 2 would be 
selected. 
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i 

! 

Thus, the principle of mode selection has become clear 
from the above explanations off the provisioning , 
determination and selection steps. Known algori-thms can 
hi used; in the determination sizeps while the provisioned 
liok-up ! table can be established based on simulations 
and/or the transmitter tests. 



10 



15 



25 



30 



Fig. 5 represents the above explained method steps as a 
corresponding flowchart diagram. 

Accordingly, the mode selection procedure according to 
the present invention can be based, as derivable from 
Figs. 1, 2 and 3, on three measures and/or parameters 
that can be used in mode selection, namely: time- 
c6rrelation TC between signals from separate antennas, 
spatial ' correlation SC between separate antennas and the 
ratio between average received signal powers Pl>/P2. There 
atfe, of course other measures too, but the inventors 
emphasize the given measures since 



20 



they are essential from a performance point ozf view, 



they can be computed in BS and 
- most (or even all) other important measures (MS 
velocity etc.) can be derived from the given 
measurement set . 

According to a modification, ttie closed-loop diversity 
mode of class 2 can be enhanced. Namely, as mentioned 
before, said diversity modes aire classified as open-loop 
diversity modes A, and closed-Hoop diversity modes B, C, 
and said determined ratio of received powers P1XP2, 
according to the modification, is applied as a further 
control parameter for controlling said closed-loop 
diversity modes when activated upon selection. 
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Tliis will subsequently be explained in greater detail. In 
the present Class 2 closed-loop modes, the receiver (MS 
or UE) estimates the channels from two different CPICHs 
and selects the best transmit weight combination from a 
standardized quantization set. Then receive:*: transmits 
the feedback information (4 bits) to the BS via a control 
channel (e.g. DPCCH) . In the transmitter such as the BS 
or Node_B, the suitable weights are selected and/or 
generated based on the feedback. Finally , ttie receiver MS 
may use a certain verification algorithm by which it 
confirms that the transmitter BS has used correct weights 
(see foi example Rl-00-1087, verification algorithm for 
closed-loop transmit diversity mode 2, TSG IRAN WG1, Aug, 
2000) . If there are feedback bit errors, then weights 
used by the transmitter BS are not those that were asked 
by the receiver MS, but verification algorithm will find 
this out and correspondingly change its weights (in 
channel estimation based on the common pilots, i.e. 
CPICH's) . 

If, however, cross-polarized antenna arrays (and/or 
antennas) are used, then the following enhancement can be 
used. 



25 1. The receiver estimates the channel, forms the feedback 
ar.d transmits it to the transmitter as in tine present 
closed-loop mode of class 2. 

2 ., The transmitter uses the standardized quantization in 
weight selection. However, it does not use the receiver 
30 feedback directly, but instead, it employs tooth the 

feedback received from the receiver as well as uplink 
measurements in connection with weight selection. 

3. MS verifies the weights that are used by :BS. 

4. BS verifies that employed weights are sui-table. 



35 
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Various possibilities in regard of detailed algorithm 
proposals for such an enhanced control can be presented, 
which may vary dependent on measurement campaign results 
conducted for specific environments and transmitters. 
5 However, basically it should be noted that the received 
power and/or average received power is to be used as an 
additional control parameter for weight selection in 
diversify transmission. 

10 According to a basic implementation of the enhanced 
modification, the transmitter BS/Node_JB computes the 
average received powers PI and P2 of some certain link 
from separate antenna branches and uses the ratio P1/P2 
in weight selection. The weight computation can also be 

15 based on the relative phase information received via the 
FBI bits from a certain receiver. The received FBI 
information concerning to a certain radio link can be 
either used directly or it can be filtered before it is 
used.' 

20 

According to an alternative implementation of this 
aspect, |s in many environments the amplitude (and in some 
cases eyen phaqe) weight selection can be based on upl:Lnk 
measurements whlen cross-polarized antennas are used. For 
25 example, received signal powers from separate antennas 
can be filtered as follows, 



PI (t)=aP10+(l-a) PI (t-1) 
P2 (t) =aP20+ (1-a) P2 (t-1) 

30 

where Pl(t) is the filtered power from antenna 1 at tinne 
t, P10 is the instant power from antenna 1, PI (t-1) is 
the filtered power from antenna 1 at time t-1, P2 (t) is* 
the filtered power from antenna 2 at time t, P20 is the 
35 ir[stantj power from antenna 2, P2(t-1) is the filtered 
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pbwer flrom antenna 2 at time t-1 and a is a filtering 
parameter. When the channel preserves the transmitted 
polarization, it can be seen from uplink measurements 
when observing ! the ration pl/p2: If the ratio pl/p2 is 
not equal to unity, then channel preserves the 
transmitted polarization at least partly and it can be 
utilized when downlink transmit weights are selected. In 
some cases the channel preserves also the relative phase 
between transmitted (and received) signals. 

The transmitter verification can be based on the averaged 
FPC (Fast Power Control) bits that are received from the 
receiver. Thus, the proposed enhanced class 2 closed-loop 
diversity mode does not need any standard changes. 
The performance can be further improved by extending the 
definition of the field of applicability of the class 2 
closed- Loop diversity mode in the standard. Namely, the 
standard! commands to send 80% of the power from the 
better channel and 20% of the power from the other one. 
However, if the power imbalance is large, it is better to 
transmit from one antenna only. Stated in other words, 
depending on a threshold of power imbalance, diversity is 
then switched off. Optional transmit weight verification 
in the receiver side should still be viable if the 
changes in power allocation based on uplink measurements 
are smooth enough. 



Next the benefit obtained by the proposed enhancement is 
illustrated. Assume that cross-polarized antenna arrays 

30 are used and ratio pl/p2 of received powers from separate 
polarization branches is relatively large (currently, 
there are no simulation results yet available and 
therefore Figure 2 is based on theoretical 
considerations) . It is assumed that here 'relatively 

35 large 1 means 3-6dB f s). Then the performance chart has the 
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form given in Figure 2 (now C refer to enhanced class 2) . 
It is seen that the operating area of enhanced class 2 
has been increased. This is mainly because enhanced class 
2 begins to work better when ratio pl/p2 increases. 

5 Moreover, there are not as many wrong decisions 

corresponding to amplitude weights when enhanced class 2 
is used. This is especially true when spatial correlation 
is high. In Figure 3 there is illustrated the performance 
chart when the ratio of received powers from separate 

10 polarization branches is large (> 6dB's). It is seen that 
enhanced class f 2 begins to dominate when power ratio 
increases. In fact, when r^tio pl/p2 is (very) large (6dB 
corresponds to ja ratio of P1/P2 = 4/1), then enhanced 
class 2 may be 'the most feasible mode for all spatio- 

15 temporal correlation values. This is, however, an extreme 
case. 

When enhanced class 2 is used, transmit weight selection 
may be based on both receiver feedback and uplink 
20 measurements. This means that antennas need to be 
calibrated. For calibration, a method as explained 
further below can be used. 

However!, there is also an other way that may be faster 
25 aild mork accurate, which is described in the following. 
We emphasize that the subsequently proposed calibration 
procedure neitrier need any additional hardware in BS, nor 
any standard changes . 



30 Basically, every antenna array is provided with an 

equipment for modifying the baseband signal so that the 
signal leaving the antenna array to the physical layer, , 
i.e. the air interface in radio transmission systems, is 
known. When there are two transmit antennas and also two 

35 transmit chains, this means that two basebands, two D/A 
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converter, two power amplifiers etc. are provided, thus 
establishing two RF chains, one chain per antenna. 

However, even though each chain is similar in design, the 
5 used components are actually slightly different because 
of theiir non-ideal characteristics. Hence, also the 
s:.gnal leaving Jthe antenna ! system is not the same per 
antenna, even if controlled by the identical control 
signals. As a consequence, signal phase between the 
10 signals of the chains is not preserved in the RF chains. 
Accordingly, a phase compensation by means of applying a 
txansmit weight at the baseband side has to be effected 
for compensating the phase error. Determination of the 
weight to be applied represents the calibration problem. 

15 

To this end, just before the antenna, a receiver means 
(still at the transmitter) is provided, which measures 
trie transmitter's own signal. Based on this, the non- 
idealities are determined and the weight for compensation 
20 i^ deduced. 



25 



30 



- 'For the proposed calibration, such receivers are 
selected for which the channel preserves well the 
polarization. This will make the calibration more 
reliable. If there are none, then the enhanced class 2 is 
not used (it is not feasible) and calibration is not 
necessarily needed. (Preservation of polarization can be 
recognized from the received power ratio pl/p2.) 

- By averaging received signal powers and relative phases 
between polarization branches, suitable transmit weights 
for downlink transmission are found (for each link 
separately) . But these weights are not used immediately. 



- Then, 
weights 



■comparison is effected of (a) the transmit 
that are formed using received feedback commands 



35 and (b) ■! transmit weights that are formed using 
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polarization measurements. The possible difference in the 
transmit weights is the error that needs to be 
compensatecd by calibration. Since several receivers (at 
least one) is connected into the calibration process, the 
resulting calibration constants (same for all mobiles) 
are obtained using the average differences in transmit 
weights. This calibration procedure is fast and no 
additional hardware is needed. If closed loop diversity 
mode class 1 is employed, then the relative phase between 
transmit ctiains can be calibrated as explained. Relative 

i 

transmit power can be calibrated when class 2 is 
eihployed, at least for some links, 

Fcbr example, if closed-loop mode class 1 is employed, .we 
c$n ao |che calibration as follows: assume that K 
receivers are Connected to. the calibration. Receivers are 
selected such that correlation between antennas is high. 
This is, for example, the case if there is strong line- 
of -sight (liOS) component in the received signal. For the 
relative ptiases there holds 



(1 ) 




Where left side of the equation is the relative phase 
between), signals when signals leave the antennas, first 
term in! the right side of the equation is the relative 
pliase ojf signals seen in digital signal processing (DSP) 
unit before transmission and the last term in the right 
is the calibration constant. First equation corresponds 
to the receiver chains while second equation corresponds 
to the transmitter chains. Index k refers to the 
receiver. If antennas are correlated we should have 
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Then transmitted signals are summed coherently in the 
direction of the receiver k. If closed-loop mode class 1 
is used this equation is approximately true. Then we 
obtain 



10 



(3 ) 



Now ttie difference between calibration constants is 
estimated using equation 



15 



(4 ) 




After estimating the difference between calibration 
20 constants we can select the relative phase for 
transmission using the equation 



25 



Ml 



DLJDSP 



t DSP + C-UL C DL 



Hence ^ only UL ^measurements are needed any more. 
Calibration needs to be updated once and a while. Update 
time As system related. 



Fig. 4 shows a transmitter implementing the present 
30 invention, i.e. the method for diversity mode selection, 
the method for controll±ng the mode to an enhanced mode, 
and tine calibration method. However, please note that 
details of implementation are omitted and that Fig. 4 
shows merely a basic functional block diagram, while even 
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omitting details concerning -the calibration process in 
order tp keep the description simple. 

As showiji in Fig. 4, the transmitter comprises a look-up 
5 table LUT, wliich itself consists of a plurality of look- 
up table performance charts ILUTl, LUT2, LUT3. For 
example , LUT3 and LUT2 may have a contents as represented 
in Figs. 3 and 2, respectively, while LUT1 may have a 
contents basically as represented in Fig. 1. (Note that 

10 Fig. 1 illus-trates a case fox P1=P2, while LUTl in Fig. 4 
is intended -to be used for a range of Pl/P2= 0...3 dB) . 
Further look-up table performance charts may be used 
and/or the power ration ranges may vary from those 
indicated in Fig. 4. Furthermore, the transmitter 

15 comprises two diversity antennas Antl and Ant2, each 
pjecede& by an RF chain RF1, and RF2, respectively- 

The RF Chains aire controlled, by applying at least a 
weight signal , 'output from a weight selection means. The 

20 weight selection means is at least controlled by a 

control signal output from a control means CTRL. The 
output of the control means CTRL is dependent on feedback 
information received from a receiver (not shown) . 
(Basically, -this weight control arrangement as described 

25 so far corresponds to prior art) . 

The control means receives tlhe feedback information and 
determines a control signal for weight selection. In 
addition, the control means also determines the ratio of 
30 received powers P1/P2 and the space correlation SC and 
time correlation TC values. This determination can be 
based ofi the received feedback information and determined 
by calculation," or may be based on uplink measurements. 
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The determined ratio PX/P2 is applied for controlling the 
selection of one of th& look-up table performance charts 
LUT1 to LUT3 dependent on P1/P2. (This is indicated by 
the controlled switch controlled by P1/P2.) Once a look- 
up tabXe performance chart is selected, the parameters TC 
and SC are applied to select the appropriate diversity 
mode therefrom, indicated in the performance chart for 
this parameter pair. Th.e thus selected diversity mode is 

then activated by applying a diversity mode control 

i 

signal DMC to the RF chains. (Note that the selection 
order odn also be exchanged, i.e. first TC/SC selects in 
each of ;LUT1 to LUT3 a mode to be selected, and one of 
the thus pre-seilected modes is then selected based on 
P1/P2.) Additionally, the power ratio P1/P2 may also be 
applied for weight selection, as shown in Fig. 4. 



Accordingly, as has been described herein before, the 
present invention concerns a method for selecting a 
diversity mode A, B, C to be applied by a transmitter 

20 having two cross-polarized antenna arrays Antl, Ant 2, 
each representing a diversity branch, for transmission 
diversity, the method comprising the steps of: providing 
S10 a plurality of diversity mode performance chart look- 
up tabids LUT, LUT1, LUT2, LUT3, each performance chart 

25 look-up ; table mapping a respective individual diversity 
mode A, B, C out of a plurality of individual diversity 
mddes to a respective pair. of time correlation value TC 
arid space correlation value SC for said two cross- 
polarized antenna array beams, wherein a respective 

30 individual diversity mode is presented by a mapping area, 
wherein, the plurality o± performance chart look-up tables 
is parameterized by an indication of a ratio P1/P2 of 
received powers from said diversity branches , and the 
mapping- is different for different performance charts, 

35 first determining Sll ttie ratio of received powers from 
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said diversity branches, second determining S12 tine 
actual time correlation and space correlation for said 
pair of two cross-polarized antenna arrays , first 
selecting S13 one of said performance chart look-Tip 

5 tcLbles dependent on determined ratio P1/P2 of received 
powers bom separate beams, and second selecting S14 one 
of said!; individual diversity modes A, B, C according to 
the mapping to 'the determined actual time correla-tion TC 
and space correlation SC values from said first selected 

10 performance chart look-up table _ 



While the invention has been described with reference to 
a preferred embodiment, the description is illust rative 
of the invention and is not to toe construed as limiting 
15 the invention. Various modifications and applicat ions may 
occur to those skilled in the art without departing from 
the true spirit and scope of the invention as defined by 
the appended claims. 
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